For patients with end-stage liver disease, orthotopic liver transplanation is the only definitive treatment. While awaiting a transplant, many serious complications may occur.
Bleeding varices, portal hypertension, and refractory ascites are common sequelae that complicate the treatment of these patients. One form of palliative treatment is the placement of a transjugular intrahepatic portosystemic shunt. Sonography plays an important role in the patient with a transjugular intrahepatic portosystemic shunt. This article discusses the importance of ultrasound throughout the transjugular intrahepatic portosystemic shunt process to include detection of the primary liver disease and its various sequelae, normal alteration in blood flow after placement of transjugular intrahepatic portosystemic shunt, guide lines for the detection of a dysfunctional shunt, and sonographic difficulties in the detection of a dysfunctional shunt. For patients with end-stage liver disease, orthotopic liver transplantation (OLT) is the only definitive treatment. These patients may wait several months to receive a transplant. During this time, many serious complications may occur. Bleeding varices, portal hypertension, and refractory ascites are common sequelae that complicate the treatment of these patients.' I Often sclerotherapy is used to treat bleeding varices, however, these varices frequently rebleed, and sclerotherapy increases the risk of esophageal perforation. 2 Traditionally, portosystemic shunt surgery has been performed when sclerotherapy fails. More recently, the transjugular intrahepatic portosystemic shunt (TIPS) has become the procedure of choice.
TIPS is the percutaneous introduction of a metallic shunt that creates a communication between a branch of the hepatic vein and the portal vein ( Fig.  1 ). ~ Most commonly, the communication is created between the right hepatic vein and the right portal vein. 4 In addition to managing bleeding var- ices, portal hypertension, and refractory ascites, TIPS have been used in the management of Budd-Chiari syndrome, portal vein thrombosis, and hepatorenal syndrome.5 This article discusses the necessity of the shunt and follows a patient from diagnosis of her primary liver disease to placement of her TIPS. It discusses the importance of ultrasound throughout this process to include detection of the primary liver disease and its various sequelae, normal alteration in blood flow after TIPS placement, guidelines for the detection of a dysfunctional shunt, and difficulties of sonographic detection of dysfunction.
Sonography's Role Before Transjugular Intrahepatic Portosystemic Shunt Placement
Sonography is an integral part of the diagnosis of liver disease and its associated sequelae. In patients with end-stage liver disease, evidence of portal hypertension may be identified. Portal hypertension is characterized by an increased diameter of the main portal vein (more than 1.3 cm), portosystemic venous collateral vessels, ascites, splenomegaly, and decreased portal venous velocity (less than 13 cm/sec). 6
In addition to evaluating the liver disease, baseline sonograms f~or patients who w ill receive a TIPS require special attention. Documentation of portosystemic collateral vessels and their flow characteristics and careful assessment of the portal vein, including its patency and flow characteristics, is especially important. 4 By documenting patency, the possibility of complete portal vein thrombosis can be ruled out.~F low characteristics, including a Doppler tracing of the portal vein, are essential to estimate portal venous flow velocity, which is important because decreased portal vein velocity is an indication for TIPS placement.
Sonography's Role After Transjugular Intrahepatic Portosystemic Shunt Placement
Once the patient has received the shunt, ultrasound is used routinely to evaluate the effectiveness of the shunt and to detect possible dysfunction.7 Most commonly, an ultrasound examination is performed within 4 days after placement of the TIPS. Subsequent examinations are commonly scheduled for 1 month, 2 months, 4 months, and 6 months after the shunt placement, with examinations scheduled at 6-month intervals thereafter. 8
Other institutions order a sonogram immediately after placement of the TIPS, then at 3-month intervals, unless complications occur.9 These serial scans allow for earlier detection of shunt dysfunction as opposed to those performed when the patient presents with symptoms. Examinations performed immediately after TIPS placement are fundamental for use of comparison with future sonograms.
Alterations in the normal portal venous route may be identified after placement of a TIPS. These alterations may be divided into three categories: changes in flow velocity in the portal vein and shunt, flow changes in preexisting portosystemic collateral routes, and changes in intrahepatic portal flow,' I Increased flow velocitv should be observed in the main portal vein and the shunt itself. After TIPS placement, flow in preexisting portosystemic collateral routes usually reverses or ceases.' After TIPS placement, the most important alteration to consider is the change in intrahepatic portal flow velocity and direction. To 
Necessary Data
To effectively examine a patient with TIPS, the sonographer must consider the necessary information to be acquired. Most importantly, the sonographer should concentrate on the shunt itself. The shunt can be identified as a tubular structure with an echogenic wall connecting a branch of the portal vein to a hepatic vein (Fig. 2) .' I Gray scale and color Doppler images can be used to document the patency of the shunt.8 With these images, narrowing of the lumen or echogenic debris may be identified.9 A diameter of the shunt should be obtained from inner surface to inner surface of the wall.9
Using the same measurement technique, the sonographer should measure the diameter of the portal vein. 8 Duplex and color Doppler should be used to document flow direction and velocity of the main portal vein, midsegment of the shunt, and the hepatic vein draining the shunt.8 The main portal vein and the hepatic vein should be evaluated proximal to the point at which the shunt enters the veins. When using duplex Doppler, the sonographer should use an angle of isonation of less than or equal to 60°, adjust the beam focus to the level of the vessel being evaluated, and optimize the gray scale image.8 The sonographer should measure the peak velocity of the main portal vein and the shunt .8 To ensure measurement of the peak velocity, the sonographer must examine closely the color Doppler image and place the sample volume in the area displaying the highest color velocity.
Flow throughout the shunt should be evaluated closely. Shunt Foshager et al7 found that a velocity anywhere within the shunt of less than or equal to 60 cm/sec was indicative of shunt dysfunction.
Although sonography is used effectively to diagnose shunt dysfunction, angiography is the gold standard.' I Because of the invasive nature of angiography, sonography is used as a screening tool to detect dysfunction and is followed by an angiogram to confirm and correct the dysfunction. Certain limitations may affect the ability to detect shunt dysfunction by ultrasound. Large patients, patients with massive amounts of ascites, and shunts with an accentuated curvature or an unusual angle may limit sonographic evaluation? The curves or sharp angulation of the shunt may result in high Doppler shifts that could be mistaken for the high velocity of a stenosis.9 To avoid the misdiagnosis of a stenosis, the sonographer should, using Doppler, evaluate the shunt at various locations to provide an accurate evaluation of the flow throughout the shunt.9 Although the shunt may be identified easily by its echogenic walls, sometimes the lumen is difficult to visualize sonographically, which may be attributable to a shunt parallel to the ultrasound beam or a shunt located distant to the transducer.9 A, Sonogram demonstrating the correct method to Doppler the main portal vein. B, Duplex Doppler tracing of the same portal vein after placement of the shunt. liver transplant evaluation. Findings of her examination were consistent with cirrhosis and portal hypertension. The main portal vein measured 1.3 cm and had a velocity of 13 cm/sec. Portosystemic venous collateral vessels were identified within the gastrohepatic ligament and a recanalized paraumbilical vein also was noted (Fig. 3 ). Her spleen was enlarged, measuring 20 cm. Also identified was a pocket of pelvic ascites measuring 5 cm X 3 cm X 4 cm. The patient's clinical symptoms were not severe enough to necessitate an immediate TIPS placement.
Case Study
The patient returned 2 years later for a liver transplantation reevaluation and complained of worsening symptoms. This examination demonstrated worsening portal hypertension. The portal vein showed an increase in diameter from 1.3 cm to 1.6 cm (Fig. 4A ). Doppler evaluation of the portal vein demonstrated decreased velocity from 13 cm/sec to 9 cm/sec (Fig. 4B ). Also noted was an increase in spleen size from 20 cm to 24 cm. An increased amount of ascites was found in the pelvis. The extent of these findings was severe enough to require a TIPS.
After placement of a TIPS, the patient was examined sonographically. The shunt was placed from the right portal vein to the right hepatic vein. Gray scale and color Doppler demonstrated a patent shunt with a diameter of 8 mm. The average shunt velocity was 106 cm/sec (Fig. 5 ). The diameter of the main portal vein measured 1.3 cm and had a velocity of 26 cm/sec. All portosystemic collateral vessels, including the recanalized paraumbilical vein, showed decreased velocities. All flows obtained indicated a successful TIPS procedure. This patient received serial scans to monitor the TIPS for possible dysfunction until she received her transplant.
A TIPS is essential for many patients awaiting liver transplantation. Sonography plays an important role in the TIPS evaluation. Before placement of the TIPS, sonography can be used to diagnose liver disease and document its associated sequelae. After placement of the TIPS, sonography is a useful means of monitoring the shunt for possible dysfunction.
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